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i: a1 to 69 ua?a‘fat!uwv if v peal barling micimum v
heas xlux Hﬂ”@ rarried out for hjdrcge vi%- #r dnd. OXygeEn . The ¢ o
!k ol %rfﬁz goot (natural_oonwabtamﬁ) Btiﬂ g {iim 50111n wera re- ‘
siowed. Work continued on the compilation of vapor physicsl properties

for superhegted conditions. s C B

il

Litérature Search and Ciassification of Tata

‘ Two new refetencps were added and copies Qf fwo prev1ou31y llsted
peferences were received and classified. No replies were rpceived
from the letters written to various authors requesting tabulated data.
To daterthe follaowing cummarizes the status of the literatlure search ‘
and e ifications - R .0 S T w

Humber of refexcnves listed = - 69 . .
Reference copies not yet : eeaved - 1 (No- 88)
References classified ~

] ~i‘ S : Pd1culdtions ke*n can¢1ed out for the pOOL film bonllng minimum heat

‘ L, o flux for hydrngbﬂg nitrogen and oxygeun uulng the six equations. greeen*ed

LT e in the fourth monihly report’ for boiling above a horizontal: nlgte¢ A
t;p1cal ‘plot for '1tro§nu is given in Figure 1 where (q/A)mln f)v/(va)

pree

is pJOttEQ versus pres ure up to about 75 rer ,ﬁent of the critical
.. pressure, EBxperimentalk data’for the poolafilm boiling minimum ‘heat flux
S are vary meager. A value from the rather detailed study of Fiynn, et al -
; (Ref. 63) for citrogen boiling outside a horizontal tube iz ingluded in
2 Pigure 1. Although thj Lenrqunts a d1f19rpn? geometrical configuration,
relatively good - ~ recent Zuber equation.

P : A feviéon; SERD il 3 ! : tural conveutlon) \ f §'L
c u o ~ atable filwm boi. Baihratfy dfoy {35 !i; ed. This boiling o &
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regime is much more amenable to theoretical development than pool
nucleate boiling. Since the original theoretical derivations by

L. A. Bromley in 1948 (Refs. 3 and 4), based on the similarity to
condensation, a great deal of effort has been expendad on improving

the theory and extending it to different boiling surface geometries.
The theories are best summarized with respect to the geometrical
configuration. Corrections for the effect of thermal radiation through

the vapor film may be important and are discussed at the end of this
section.

Long Horizontal Cylinders. Bromley’s original equation was:

. q1/4
X PP - PYe A

D (Tw - Ts) oy

where: The constant C, was found to be bracketed theoretically

from 0.512 (stagnant liquid surrounding the tube to
0,724 (liquid moves completely freely with the vapor)°
An average experimentsal value of €, = 0.62 was
determined by Bromley from experimental data.

and:
3

A

= A+os(e), (1, -1) (2)

and all vapor properties are evaluated at:
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Bromley later {Ref. 97) modified Equation 2 to:
- () (z, -12)7°
, . 4 e

>\'J = >\\ 1 + Ou4 >k J

Rohsenow {(Ref.. 98) firither modified Equeiion 3 %o:

(3)
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In genswal, ¥quations 1 and 5 are ascurate only for 2 reatricted vange
of cylirder diameter. For very small diemeiors, the vapor film thiclkiieszs
may eyproach the Ciameter {this is not allewed for in the theory). Tor
very iarge diamsters, an h_ of  zero is 9red1¢tev which ia not:cin-
giglent with experimental flnéingse ’Cﬂiflﬂi” Lons Tor the e;fn 2t of
dicweter over a wide range are discuszed by Janch QBw,af 1oanid
2}  and Frederking (Ref. 17) in the 1lizht i ta for
horizontal wires and large uj31nderdu
Horisootal Plates (fgplﬂ* up,g a wave ithsory for SR
L Bounvection, Chana'(kel. 101) devel ; a ing wation which is
rearrenged in terms of the Rayleléh
.f';:
. A/3
. 1
Ne = 0,278 [ma | Loy
L 1 i - )’ i m \§ ,! Vg,
¢ Ve > L./ {
i . W 1] { :
W2 L ooodis substituted for Uoin Touationg § and 7



It should be noted that the characteristic length, Lc, in Bquation 8
cancels out.
More recently, Berenson (Ref. 102) utilized the Taylor instability

concept to derive the following equation in terms of the Rayleigh
rumber for the region ¢f the minimum:

N 1/4

Nu, = 0.425 |Re j (o)
B B (¢ ) (Tw - Ts) J (=
Py ‘.
where:
. ~ /2
- 1
B = gw-uj~i«w*~ St ! is subatituted for L
&_g F}L - ;Dv) A in Bquotions ¢ and T.

Vertical Surfsces. Bromley (Refs, 3 and 4} also derived an
»pression for Fila boi iling from a vertical surface assuming laminar
fJGno In terms of the averege Nusselt number over a vertical length
L znd the Rayleigh number, his expression was:
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where:

The constant
ard Westwstew
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In many practical situations, the above laminar f{low °n1lyaes for

vertical surfaces become invalid. Hsu and Westwater (Ref. 110)
ohserved heat fivzes 100 fo 300 per cent greater than p eaiated By
Bauation 10. The increanse was caused by the development surbulent
fiow above a eviltical height ccrresponding to a crltlaal »apor film

thickness and *vlm thiclmesa Reynelds rumbgr.  They develuped an eguation
which sccounted for the turbulent flow effsctiis., Bankoflf in a writtmn
discugslion to Ref. 110 presenied an alternate turbulent f ow model.

A

- Ragiaiion EBffects. In his original derivation for a horizontal
cylinder, Broaley (Refs. 3 and 4) also included en expression for the
iransfer of heat from the c'ilnder wall, through the vepor; to the.
liguid by thermel radiation. He noted that the coefficisnt for con~
vection, h , was dependent on the effective cvefficient for yadiaticn,
hr’ For °© hr¢;'hc, he developesd the following approximate ralaticra:

] ] - ¢ '
Ryosa -%5(3/4)hr {(11)

where:
o' (f-19
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{(12)
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In the case of N, boiling on a 0.35C~inch horizontal.carbon tube

&1 atmoapheric pressure, he found that the radiaticn COﬁt“lbéthH

became important above a wall temperature of about 500°F. More recent
evaluations of the effect of thermal radiation on film boiling have been
presented by Chang (Ref. 101) and Koh and Nilson (Ref. 106).

thsicai Proverties of Svrerhested Vapor .

Work was contﬂhvel on comp“uauion of the pliysical p~0ﬂewgﬁes of supoeyr-
nheated vaper from -the melting point temperature to 3CGO"R  and pressures
to the critical. :



Figvres 2 and 3 present the density and ope

fonction of tempsrature and praéssure.
vigcosity are presently beinz tabulated
nding states,

by Stewari, e, 31 (Raf. 111) racently publish
aity and enthalwpy of oxygen from 100 to 34003 and
MY pais. Specific heat willl de computed from the
the higher temperatures, density sand speaific haat
by existing cw,q;ucsz;- programs.

The computer programs for density and specific heat o
ceen cotained, but values have not yet been tabulated.

Frelininazy Recoumendaiions

On fhe basis of the atudiss concducted during the first five ncnths of
this program, the following preliminary recommendations are made for
a fulture program:
i, Experimeatal data for the boiling of oxygen under f 1
conditions ave practically non-existent and should b stai
over a wide range of ccnditions.

2. Experimenial data and thecretical analysea for sryogenic
boiling uwnder forced flow cornditions with apnrecisbis net
vaporization are inadequate ard a comprehangive atudy of
this region should be ecarried out.

PLANS {for 6th report period)

Iaring ﬁhe gixth monthly wvagp
ntal data polints Ui
under net vaporizati
of superheated vapor propert

o o P”1
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°y Speciiic heat

- Manster

g | Acceleration due to gravity

£, S Constent = 32,17 1bm—;ﬂf‘t/1bf~_sec2
h, Gonvection hké'a_'i; ‘transfer coefTinient
'hr Rediation heat transfer coefficioni
k | Thernmsl conduetivity

L, Characteristic length

T, Saturation temperature

T, Wall tempve.ratur'e
0’4 L vasorptivity of liquid

€ - Em;i.ssivi_ty of wall

)\ Latent heat of vaporization

P Density |

o Surface tension

o . St_effann'-Boltzmaz_in constant for radiation

Su'bgscri;pt_s ’
L - Liquid

v - Vapor
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